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ABSTRACT 



A method is provided for eliminating surface imperfections 
on a medical device having a drug release coating including 
a therapeutic substance in a polymeric carrier disposed on at 
least a portion of the medical device. The medical device is 
preferably a stent including wire-like members intercon- 
nected to form struts with open interstices therebetween. A 
therapeutic substance incorporate into a polymeric carrier is 
disposed on the surface of the stent through which process 
imperfections including polymeric fibers, polymeric par- 
ticles or other polymeric surface aberrations or imperfec- 
tions are formed. This imperfections are eliminated by 
contacting the polymeric coating with a vaporized solvent 
for a specified period of time. 

25 Claims, 2 Drawing Sheets 
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SURFACE TREATMENT METHOD FOR 
STENT COATING 

FIELD OF THE INVENTION 

The present invention pertains to a medical device having 
a surface treatment applied over a portion of its surface and 
methods to eliminate imperfections in the surface treatment. 
In particular, the present invention is directed to implantable 
medical devices having drug release coatings including a 
therapeutic substance in a polymeric carrier and methods to -"^ 
eliminate imperfections in the coating formed during the 
application of the polymeric material. 

BACKGROUND OF THE INVENTION 
While angioplasty has gained wide acceptance, abrupt "'^ 
closure and restenosis have been identified as possible 
subsequent occurrences. Abrupt closure refers to the acute 
occlusion of a vessel immediately after or within the initial 
hours following a dilation procedure. Abrupt closure can 
result in myocardial infarction if blood flow is not restored 
in a timely manner. The primary mechanisms of abrupt 
closures are arterial dissection and/or thrombosis. Resteno- 
sis refers to the re-narrowing of an artery after an initial 
successful angioplasty. Restenosis occurs primarily within 
the initial six months after angioplasty, and is believed due 
to the proliferation and migration of the cellular components 
of the arterial wall. 

Endovascular stents are placed in the dilated segment of 
a vessel lumen to mechanically block the effects of abrupt jq 
closure and restenosis. In U.S. Pat. No. 5,514,154, Lau et al. 
disclose an expandable stent which is relatively flexible 
along its longitudinal axis. This flexibility facilitates deliv- 
ery of the stent through tortuous body lumens. AdditionaUy, 
the stent is stiff and stable enough radially, in an expanded 35 
condition, to maintain the patency of a body lumen such as 
an artery when implanted therein. Such stents have not, 
however, eliminated abrupt closure and have not ehminated 



Recent developments have led to stents which can provide 40 
anti-thrombogenic and other medications to regions of a 
blood vessel which have been treated by angioplasty or other 
interventional techniques. In U.S. Pat. No. 5,464,650, Berg 
et al. disclose a method for making an intravascular stent by 
applying to the stent, and in particular to its tissue-contacting 45 
surface, a solution which includes a solvent, a polymer 
dissolved in the solvent, and a therapeutic substance dis- 
persed in the solvent. After the solution is applied to the 
stent, the solvent is then evaporated leaving the polymer/ 
therapeutic agent surface treatment. Berg et al. assert that 50 
these devices are capable of providing both short term 
medication delivery, over the initial hours and days after the 
treatment, as well as long term medication delivery, over the 
weeks and months after the treatment. 

The process disclosed by Berg et al., which uses a 55 
polymeric carrier, is prone to the formation of polymeric 
surface imperfections during the coating processes. This is 
especially evident on stents, which generaUy include many 
wire like members with interstitial spaces therebetween. The 
surface imperfections can include strands of drug laden 60 
polymeric material hanging loosely from or extending 
across interstitial spaces between stent portions. The imper- 
fections can also include chunks or thickened coating por- 
tions at particular poiuts relative to the rest of the coating. 
These imperfections, because of their drug delivering 65 
capabilities, may cause adverse effects. Loose strands or 
strands across interstitial spaces may not be secure, and thus, 



may enter the blood stream and fail to provide local treat- 
ment. If these agents are released to locations other than the 
targeted tissue, unwanted side effects may result. An uneven 
coating or one with chunks may result in non-uniform 
treatment of the vessel wall. 

SUMMARY OF THE INVENTION 

The present invention provides a method for quickly and 
^ efSciently eliminating polymeric imperfections on the sur- 
face of a medical device coated with such polymeric 
material, either alone or in combination with a therapeutic 
substance. In preferred embodiments, the present invention 
includes an endovascular stent comprising a tubular struc- 
ture having an initial diameter and being expandable from 
' the initial diameter to an enlarged diameter. The stent further 
comprises a polymeric surface treatment which is applied to 
at least a portion of the exterior surface of the tubular 
structure. The polymeric surface treatment preferably 
include a matrix of a polymer incorporating a therapeutic 
agent. With the present method, the stent is first coated with 
the polymeric surface treatment, followed by contact with a 
vaporized solvent for a specified time period in order to 
eliminate the polymeric imperfections formed during the 
, coating procedure. This final procedure thereby adding 
beneficial characteristics over prior art coated devices car- 
rying a therapeutic substance. Uniform local delivery is 
assured by eliminating or reducing loose strands or uneven 
thicknesses of polymer containing the therapeutic substance. 

Additional features of the invention and the advantages 
derived therefirom, and the various scopes and aspects of the 
invention will become apparent from the drawings, the 
description of the preferred embodiments of the invention, 
and the claims. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a stent in accordance with 
an exemplary embodiment of the present invention; 

FIG. 2 is a perspective view of a further preferred stent in 
accordance with the present invention; 

FIG. 3 is a magnified, partial plan view of the stent of FIG. 
1, illustrating the polymeric surface aberrations and imper- 
fections arising from a polymeric coating procedure; and 

FIG. 4 is the magnified, partial plan view of FIG. 3, after 
contacting the stent with a preferred embodiment of vapor- 
ized solvent. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring now to the drawings wherein like reference 
numerals refer to like elements throughout the several 
views, FIG. 1 shows a perspective view of a stent 10, in a 
non-expanded form, in accordance with the present inven- 
tion. The skeletal frame of the stent 10 preferably includes 
wire-like members 12 forming a distinct, repetitive serpen- 
tine pattern. This repetitive serpentine pattern consists of 
multiple U-shaped curves 14. The areas within the U-shaped 
curves 14 are open 16.With no recognizable beginning or 
end to this serpentine pattern, wire 12 forms expandable 
serpentine element 18. Serpentine elements 18 are arranged 
along the longitudinal axis of the stent 10 so that the 
U-shaped curves 14 of abutting serpentine elements 16 may 
be joined through an interconnecting element 20. Through 
the interconnecting elements 20, a continuous wire 12 
framework is created between multiple serpentine elements 
18 forming the stent 10. 
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FIG. 2 shows a perspective view of a further preferred 
stent 110 in accordance with the present invention. This stent 
110, also has a continuous wire 112 framework. This 
framework, however, is maintained by a repetitive 
rectangular-patterned element 114. The areas within the 5 
rectangular wire element 114 are open 116. The rectangular 
wire elements 114 are aligned lengthwise in the longitudinal 
axis of the stent 110. Adjacent rectangular wire elements 114 
are offset half the lengthwise distance of a similar rectan- 
gular wire element 114. The end of the stent is formed by the 
full completion of one rectangular wire element 114, and the 
subsequent open end of the adjacent rectangular wire ele- 
ment 122. Thus, the ends of the stent possess an alternating 
open-closed wire configuration. 

These stents are exemplary of stents which may incorpo- 15 
rate the present invention. These, and other suitable stents 
are disclosed in U.S. patent application Ser. No. 08/874,190, 
filed Jun. 13, 1997, now abandoned, entitled "Polymeric 
Layered Stent", of which the disclosure is incorporated 
herein by reference. 20 

The term "wire", as used in describing the frame material, 
should not be mistaken as being limited to metalUc materi- 
als. In fact, the "wire" forming the stents 10 & 110 may 
consist of any biocompatable material possessing the struc- 
tural and mechanical attributes necessary for supporting a 25 
diseased vessel. Thus, both metallic and polymeric materials 
are suitable. Examples of preferred biocompatable metallic 
materials include stainless steel, tantalum, nitinol, and gold. 
Preferred polymeric materials may be selected from the list 
immediately below, which is not exhaustive: 30 
poly(L-lactide) (PLLA), poly(D,L-lactide) (PLA), polyg- 
lycolide (PGA), poly(L-lactide-co-D,L-lactide) 
(PLLA/PLA), poly(L-lactide-co-glycolide) (PLLA/ 
PGA), poly(D, L-lactide-co-glycolide) (PLA/PGA), 
poly(glycolide-co-trimethylene carbonate) (PGA/ 35 
PTMC), polyethylene oxide (PEO), polydioxanone 
(PDS), polycaprolactone (PCL), polyhydroxylbutyrate 
(PHBT), poly(phosphazene), polyD,L-lactide-co- 
caprolactone) (PLA/PCL), poly(glycolide-co- 
caprolactone) (PGA/PCL), polyanhydrides (PAN), 40 
poly(ortho esters), poly(phoshate ester), poly(amino 
acid), poly(hydroxy butyrate), polyacrylate, 
polyacrylamid, poly(hydroxyethyl methacrylate), 
polyurethane, polysiloxane and their copolymers. 
The skeletal framework of the stents may be formed 45 
through various methods as well. The framework may be 
welded, molded, or consist of filaments or fibers which are 
wound or braided together in order to form a continuous 
structure. 

Often it is beneficial to both stent and treat the localized 50 
area of a diseased vessel. A therapeutic agent, therefore, can 
be incorporated into a polymer and applied to the stent as a 
polymeric surface treatment. The incorporation of a thera- 
peutic agent into a surface treatment greatly enhances the 
scope of this medical device by transforming the stent into 55 
a drug-delivery system. Drugs and treatments which utilize 
anti-thrombogenic agents, anti-angiogenesis agents, anti- 
proliferative agents, growth factors, and radiochemicals may 
be readily deployed from within the matrix of the polymeric 
surface treatment. Specific examples of preferred therapeu- 60 
tic agents include angiopeptin, colchicine, lovastatin, 
trapidil, ticlopidine, hirudin, Taxol, heparin, and growth 
factors VEGF, TGF-beta, IGF, PDGF, and FGR 

The application of such a surface treatment is generally 
accomplished through either a dipping or spraying process. 65 
For either process, a solvent carrier is prepared in order to 
incorporate the therapeutic agent within the polymer matrix. 



The applied mixture preferably comprises a solvent, a 
polymer, and a therapeutic agent. 

Solvent selection is critical to a functioning surface treat- 
ment. It is essential that the solvent is capable of placing the 
polymer into solution, and that the solvent and polymer 
chosen do not chemically alter the therapeutic character of 
the therapeutic agent. On the other hand, the therapeutic 
agent needs to be dispersed throughout the solvent. The 
therapeutic agent, therefore, may be either in a true solution 
with the solvent or dispersed in fine particles within the 
solvent. Examples of some suitable polymer/solvent/ 
therapeutic agent combinations can include: polylactic acid/ 
trichloroethane/colchicine; polyurethane/tetrahydrofuron/ 
taxol; (PLA/PCL)/dimethylformamide/hirudin; (PLA/ 
PGA)/ethylacetate/ticlopidine; and polyethylene oxide/ 
ethanol/heparin. These combinations are merely exemplary, 
and it is recognized that other combinations are possible. 

As stated earlier, the solution may be applied to the stent 
10 by either spraying the stent 10 with, or immersing in, the 
polymer/solvent/therapeutic agent solution. Whether one 
chooses application by immersion, or application by 
spraying, depends principally on the viscosity and surface 
tension of the solution. It has been found, however, that 
spraying in a fine spray is preferable. The solution is applied 
to the stent 10 and the solvent is allowed to evaporate, 
thereby leaving on the stent surface a coating of the polymer 
and the therapeutic agent. 

Although the procedures for applying the polymeric sur- 
face treatments are optimized, they stiU often leave poly- 
meric fibers, polymeric particles, or other polymeric surface 
aberrations or imperfections on the stent 10. The goal of this 
invention is to remove, eliminate or reduce these polymeric 
imperfections, thereby eliminating the unwanted effects 
associated therevwth. 

FIG. 3 shows a magnified, partial plan view of FIG. 1, 
illustrating the polymeric surface aberrations and imperfec- 
tions 30 arising from a polymeric coating procedure. Poly- 
meric imperfections 30 may take-on numerous shapes and 
sizes. Regardless of the application process utilized, several 
types of imperfections 30 are common. Examples of these 
imperfections 30 are polymeric fibers 32 which span the 
openings 16 of the wire 12 framework, and the overabun- 
dance of polymeric material in undesired locations 34. 
Excess polymeric material 30 is often the result of dispro- 
portionate spraying of the polymeric material, or the settHng 
of excessive material in a particular location. At the least, 
these imperfections 30 are unsightly. More importantly, 
however, the concern with these imperfections 30 is of 
possible adverse secondary effects. 

The adverse secondary effects which may arise are cor- 
related to the type of polymeric imperfection 30. Polymeric 
fibers 32, as described earlier, are prone to two adverse 
effects; the fibers 32 may either dislodge from the stent, or 
they may release their therapeutic agents into the blood 
stream. Because polymeric fibers 32 span across the open- 
ings 16 of a stent 10, they are attached typically to the stent 
10 at few locations. Expansion of the stent 10 may dislodge 
these imperfections 32, sending them within the circulatory 
system. At this point, there exists no control over the drug 
delivering capabilities of these rogue polymeric imperfec- 
tions 32. The release of drugs in undesired locations is likely 
to cause secondary effects. On the other hand, the polymeric 
fiber 32 may remain attached to the stent 10. The imperfec- 
tion 32, however, may span across an opening 16 which does 
not engage a vessel wall. In this instance, the polymeric 
imperfection 32 may release its therapeutic agent directly 
into the blood stream, causing other secondary effects. 
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Polymeric imperfections 30 caused by an overabundance 
of polymeric material 34 may also cause secondary effects. 
The goal of applying a polymeric surface treatment upon a 
stent 10 is to have uniform coverage and uniform release of 
a therapeutic substance. When there are areas of excess 5 
coverage on the stent 10, the polymeric material 34 may 
contact the vessel wall unevenly. This uneven contact sub- 
sequently causes the targeted diseased tissue to receive 
varying doses of the released therapeutic agents. For thera- 
peutic agents, especially ones which promote or restrict lo 
endothehal cell growth, the uneven contact and subsequent 
drug release may cause less than optimal treatment. Another 
problem associated with this type of polymeric imperfec- 
tions 34 is, like the polymeric fibers 32, that the imperfec- 
tions 34 may not contact the vessel wall in any form. In this 15 
case, the therapeutic agent may be released directly into the 
blood stream causing other secondary effects to arise. 

By contacting the coated stent 10 having these polymeric 
imperfections 30 with a vaporized solvent 40, these imper- 
fections 30, and the adverse effects associated with them, are 20 
eliminated. Most importantly, these polymeric imperfections 
30 are eliminated without abrogating the integrity of the 
surface coating over the remaining portions of the stent 10. 
When the stent 10 is applied with the polymer/solvent/ 
therapeutic agent solution, the solution dries leaving a 25 
therapeutic agent incorporated within a polymeric matrix. 
Depending upon the solution used, the imperfections 30 may 
be removed after, or prior to the drying of the solution. At 
this stage, the stent 10 is contacted with a vaporized solvent 
40 for a predetermined time period. This time period is 30 
highly dependent upon the solution forming the surface 
treatment and the solvent used. In general, the time period 
varies from about 0.5 seconds to about 2 hours, with a 
preferred time of about 1 second to about 10 minutes and a 
most preferred range of about 10 seconds to 1 minute. 35 

The vaporized solvent 40 utilized is also highly dependent 
upon the solution, including the polymer, used to form the 
surface treatment. Typically, the vaporized solvent 40 will be 
organic. Examples of suitable organic solvents include 
hydrocarbons, halocarbons, polyethers, cyclic ethers, alkyl 40 
amids, ethyl acetate, benzene, alkyl-substituted benzene 
derivatives, and alcohols. Additionally, the vaporized sol- 
vent 40 may be a combination of any of the organic solvents 
listed. 

In preferred practice the present invention, coated stents 45 
are simply placed within a chamber containing a vaporized 
solvent. Contact time is adjusted, depending upon the degree 
of aberrations to be removed. The chambering may be any 
container, but is preferably a closed container having liquid 
solvent present in the bottom. This solvent vaporizes to a 50 
degree to which the solvent reaches equilibrium based on 
temperature and pressure within the container. The stent or 
stents to be treated are suspended within the vapor space of 
the container so that vaporized solvent contacts the surface 
imperfections. Preferably, the container allows viewing of 55 
the stent during treatment so that the progress of removing 
imperfections can be monitored. It is, however, recognized 
that other apparatus may be utilized so long as the surface 
imperfections are placed in contact with the solvent vapor or 
liquid. 60 

FIG. 4 is the magnified, partial plan view of FIG. 3, after 
contacting the stent with a preferred embodiment of vapor- 
ized solvent. As evidenced in the figure, surface irregulari- 
ties have been eliminated. 

Nimierous characteristics and advantages of the invention 65 
covered by this document have been set forth in the fore- 
going description. It will be understood, however, that this 



disclosure is, in many aspects, only illustrative. Changes 
may be made in details, particularly in matters of shape, size, 
and arrangement of parts without exceeding the scope of the 
invention. The invention's scope is defined, of course, in the 
language in which the appended claims are expressed. 
What is claimed is: 

1. A method for eliminating polymeric fibers, polymeric 
particles or other polymeric surface aberrations or imper- 
fections from a polymeric coating on a medical device, the 
method comprising the steps of: 

providing a medical device having a surface generally 
defined by a skeletal frame having spaces 
therebetween, wherein at least a portion of said surface 
is coated with a polymeric material, some of said 
polymeric material extending across said spaces; and, 

contacting said polymeric coating with a vaporized 
solvent, thereby eliminating said polymeric material 
extending across said spaces. 

2. The method of claim 1, wherein said polymeric mate- 
rial is at least partially soluble in said vaporized solvent. 

3. The method of claim 2, wherein said polymeric mate- 
rial is contacted with said vaporized solvent for between 
about 0.5 seconds to about 2 hours to thereby eliminate 
surface fibers, surface particles or other surface aberrations 
without abrogating the integrity of said polymeric coating 
over said surface. 

4. The method of claim 2, wherein said vaporized solvent 
is an organic solvent. 

5. The method of claim 4, wherein said organic solvent is 
selected from the group consisting of hydrocarbons, 
polyethers, halocarbons, alkyl amides, cyclic ethers, ethyl 
acetate, benzene, alkyl-substituted benzene derivatives, 
alcohols, and combinations thereof. 

6. The method of claim 1, wherein said polymeric coating 
is selected from the group consisting of polyethylene oxide 
(PEG), polylactic acid, polyglycoUc acid, polycaprolactone, 
polyurethane, polysiloxane and their copolymers. 

7. The method of claim 1, wherein said polymeric coating 
includes a therapeutic agent releasably incorporated therein. 

8. The method of claim 7, wherein said therapeutic agent 
is selected from the group consisting of an anti- 
thrombogenic agent, an anti-angiogenesis agent, heparin, 
hirudin, ticlopidine, and Taxol. 

9. The method of claim 1, wherein said contact between 
said polymeric coating and said vaporized solvent occurs 
through a dipping process. 

10. The method of claim 1, wherein said contact between 
said polymeric coating and said vaporized solvent occurs 
through a spraying process. 

11. A method of coating a medical device with a poly- 
meric material wherein said coating is generally free of 
polymeric strands, polymeric particles or other polymeric 
surface aberrations, said method comprising the steps of: 

providing a medical device having a surface generally 
defined by a plurality of interconnected stunts with 
open interstitial spaces therebetween, 

coating at least a portion of said surface with a polymeric 
material in a solvent carrier; 

drying said polymeric material by evaporating at least a 
portion of said solvent carrier to form a dried polymeric 
coating, wherein some of said dried polymeric material 
extends across said interstitial spaces; and, 

contacting said dried polymeric coating with a vaporized 
solvent, thereby eliminating said polymeric material 
extending across said interstitial spaces. 

12. The method of claim 11, wherein said polymeric 
material is contacted with said vaporized solvent for 
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between about 0.5 seconds to about 2 hours to thereby 
eKminate surface fibers, surface particles or other surface 
aberrations without abrogating the integrity of said poly- 
meric coating over said surface. 

13. The method of claim 11, wherein said vaporized 
solvent is an organic solvent. 

14. The method of claim 13, wherein said organic solvent 
is selected from the group consisting of hydrocarbons, 
polyethers, cyclic ethers, ethyl acetate, benzene, alkyl- 
substituted benzene derivatives, alcohols, and combinations 
thereof. 

15. The method of claim 11, wherein said polymeric 
coating is selected from the group consisting of polyethylene 
oxide (PEO), polylactic acid, polyclycolic acid, and 
polycaprolactone, polyurethane, polysiloxane and their 
copolymers. 

16. A method for coating a stent with a polymeric material 
having a therapeutic substance dispersed therein for timed 
release of said therapeutic substance when said stent is 
implanted wherein said coating is generally free of poly- 
meric strands, polymeric particles or other polymeric sur- 
face aberrations, said method comprising the steps of: 

providing a stent having a surface generally defined by a 
plurality of interconnected struts with open interstitial 
spaces therebetween; 

coating at least a portion of said surface with a polymeric 
material in a solvent carrier; 

drying said polymeric material by evaporating at least a 
portion of said solvent carrier to form a dried polymeric 
coating, wherein some of said dried polymeric material 
extends across said interstitial spaces; and, 

contacting said dried polymeric coating with a vaporized 
solvent, thereby eliminating said polymeric material 
extending across said interstitial spaces. 
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17. The method of claim 16, wherein said polymeric 
material is at least partially soluble in said vaporized solvent. 

18. The method of claim 17, wherein said polymeric 
material is contacted with said vaporized solvent for 

5 between about 0.5 seconds to about 2 hours to thereby 
eliminate surface fibers, surface particles or other suirface 
aberrations without abrogating the integrity of said poly- 
meric coating over said surface. 

19. The method of claim 17, wherein said vaporized 
^° solvent is an organic solvent. 

20. The method of claim 19, wherein said organic solvent 
is selected from the group consisting of hydrocarbons, 
polyethers, halocarbons, alkyl amides, cyclic ethers, ethyl 
acetate, benzene, alkyl-substituted benzene derivatives, 
alcohols, and combinations thereof. 

21. The method of claim 16, wherein said polymeric 
coating is selected from the group consisting of polyethylene 
oxide (PEO), polylactic acid, polyglycolic acid, 

20 polycaprolactone, polyurethane, polysiloxane, and their 
copolymers. 

22. The method of claim 16, wherein said contact between 
said polymeric coating and said vaporized solvent occurs 
through a dipping process. 

25 23. The method of claim 16, wherein said contact between 
said polymeric coating and said vaporized solvent occurs 
through a spraying process. 

24. The method of claim 16, wherein said therapeutic 
substances include anti-proliferative agents, anti- 

30 thrombogenic agents, or a combination thereof. 

25. The method of claim 16, wherein said therapeutic 
substance in said polymeric material is contacted with said 
vaporized solvent. 
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